Abstract-This paper presents the current development supportive tool for both lecturers and students that conduct Project Based Learning (PBL) and Lab Based Education (LBE) on Higher Education Institution (HEI). For PBL and LBE implementations, lecturer needs to monitor, evaluate the learning process. And, students need to publish the learning outcomes in the public domain. In this research, we propose the supportive tool that will be used by lecturer which is taught on different academic courses. Also, the proposed supportive tool had designed to used by the student as a particular group. These groups were formed of the student from several academic courses that supervises by the same lecturer. The developed supportive tool are microframework based which mean it could be implemented on mini devices. The current development supportive tool could be an alternative software assistant that support lecturer to implement Project Based Learning (PBL) and Lab Based Education (LBE). The developed supportive tool has been introduced to 135 students and 16 lecturers as a participant to evaluate the system usability. The results from the questionnaire show more than 90% of users state the benefit of the use supportive tool. Also from analyzing Log metric, users on average complete a designated task in just less than 5 minutes. It indicates that the developed supportive tool is easy to use and shows the effectiveness of the developed supportive tools.
I. INTRODUCTION
With the era of the Industry 4.0 revolution, Higher Education Institutions will have been challenging to provide experience to its student for having skill and knowledge to solve world reality problem in a digital manner [1] - [4] . The need for skill and knowledge in Industry 4.0 era is an ability to design a system to preserve vast amount data from digital products and made it (machine) to learn the future needs (automation) [5] , [6] .
The implementation of Project Based Learning (PBL) in an academic course could be as a solution to give the student experience to working as a team and having the experience to involve on some IT projects or develop an applications [7] .
As a complement to the success of Laboratory-Based Education that implemented on mostly University in Japan show that shifting conventional academic course (face to face model in the academic course) to peer teaching that could be as a solution to increase research publications [8] , [9] . For implementing both learning methods in the daily academic courses, the lecturers need to be assisted by the supportive tool that not only monitors the learning process but also scores and publishes learning results on the public domain. From our previous research, we present Lecturer Based Supportive Tools (LBST) which enable lecturers to create learning content through a web-based application that can be accessed in online and offline condition (no need internet connection) [10] . And, it presents interoperability between the existing Learning Management System (LMS) and the developed supportive tool using service-based architecture [11] - [13] . As an addition, this paper proposed a supportive tool that supports lecturers to implement Project Based Learning (PBL) and Lab Based Educations (LBE).
II. MATERIAL AND METHOD
In this section, we will provide a brief explanation of Project Based Learning and Laboratory Based Education. Also, we present the use of Microframework as development method and the proposed architecture.
A. Project Based Learning
Project Based Learning (PBL) is a learning model that encourage students as a learner to solve real-world problems by applying the knowledge and the skill from academic course [7] , [9] , [14] . For the PBL experience, we deliver an assignment to all students to make software with topics: "A Software As Service for College Students". In short, all software that will be proposed by students as their final project are software that needed by students itself in order to support their academic activities. Furthermore, students also required to publish a final report, presentation, and poster according to the proposed software.
B. Laboratory Based Education
The goal of Laboratory-Based Education is to provide student as a learner for having self-centered learning [8] . The idea is to give a student a laboratory environment that student could direct access and start research as soon as possible. The key in Laboratory-Based Education is a peer teaching. The faculty member only helps undergraduate students when there is a problem that could not be solved by postgraduate students. This pyramid role of the LBE is illustrated in the Fig. 1 . From Fig. 1 , the undergraduate students, the graduate student and the post doctoral researcher are learning together with their peers. A faculty member only helps/supervise when needed. LBE is targeting students not only an expertise in their fields, but also developing soft skill such as communication, management, cooperativeness and leadership.
C. Experimental Methods
The Next, for the implementation of Lab Based Education (LBE), we obligate to each class to finding a partner from designated class. From 6 class groups, we divide into two main groups which are class code with an odd number and class code with an even number. Table 1 shows 6 classes groups in which the experiment have been conducted. Also, we set rules that 8th-semester main task is to develop UX/UI design (as the implementation of their HCI courses). The main task of 6th-semester students is to design the complete diagram (as the implementation of their ADSI courses). The main task of 4th-semester students is software prototyping that based on the UX/UI design and the development diagram as the implementation of their IS courses. The pyramid of designated class that experimenting LBE shown on the Fig. 2 . 
D. Development Method
In early-stage supportive tool development, we had implemented rapid prototyping using Google Design Sprint (GDS) [15] . The key in DS are answering main features (or from original GDS definition called the business questions) through design, build prototype, and test it with user. The GDS methodology itself is inline with six phases: Understand, Define, Sketch, Decide and Validate.
To build the prototype, Flask Microframework has chosen for developing the proposed supportive tool [16] . As python based microframework, the developed supportive tool could serve as a web server. With running a single python script, it can be run independently as web application without hosted at the web server. This mean, the lecturer could use the developed supportive tool directly and no need to install Apache/Nginx web server.
Flask is adapting MVC (Model-View-Controller) framework that separate application layer and presentation layer. This mean, the *.py file and *.html file is in the different directory. The MVC model is suitable for future developments. Because of its separate database, control layer, and presentation layer. Fig. 3 shown the directory structure of web-based application using Flask MVC. All the database definition (as a Model) and the routing as the Controller are written in app.py. The static directory contains all static file such as *.js, *.css. And the templates directory is the directory to store *.html files as a View part from MVC framework. All request from the client will be routed according to the designated URL that configured in *.py files. For an example, we have index.html and hello.html in the templates directory:
2) Example hello.html
To configure the request from the client, it uses "route()" decorator. To route the request and view the targeted HTML, the URL needs to be registered in "@app.route". For an example, when it needs to set up the index (main page) to access index.html, it uses the scripts as shown at Fig. 4 . From the above script, line 5 to 7 are used to route all request when need access an index homepage (top level directory of its web application). Line 9 to 11 are used to response a request from URL: http://domain/hello/paramater. At line 9 to 11, it is shown that the designated URL could give a parameter.
To start the server, the user need to execute main ".py" file. If ".py" file from By default, WSGI using port 5000 to serve its web requests. At local access, a user can request by accessing "http://localhost:5000/" (as shown at the Fig. 6 ). If user access "http://localhost:5000/hello/Alice", the server will recognize the parameter after "/hello", as configured in "app.py" (Fig. 4) . The WSGI will respond "hello.html" as shown at Fig. 7 .
<!DOCTYPE html> <html> <head> <title>Suppotive Tool</title> </head> <body> <h1>Server Status:</h1> <p>Ready!</p> </body> </html> <!DOCTYPE html> <html> <head> <title>Suppotive Tool</title> </head> <body> <h2>Welcome {{user}}</h2> </body> </html> With the above methods, it will be easier to design and implement a user requirement that needs to be developed in the proposed supportive tool.
E. User Interactions
The prospective user for the developed supportive tool is lecturers, student as the project manager and students as a team member. The interactions of the user and developed supportive tool are described in the Fig. 8 . The prospective user for the developed supportive tool is lecturers, student The students had been provided with many features. From Fig. 8 , The final project materials are uploaded by a student with project manager level access. And a student with no level access can view, download, and uploaded final project where not only from their groups but also from other groups.
F. Proposed Architecture
To adapt bandwidth limitation that might happen during implementation, the proposed supportive tool will be developed into two versions. First, it will develop for selfhosting or deploy on the low-end machine. Second, it will develop into a server machine as usual. Both versions are using Flask. The differences are the database engine being used. For the self-hosted version using SQLite and for server machine using MySQL. Another differences are the developed supportive for server machine is provided by Web Service using Flask-REST API. The architecture of the current development supportive tool is shown in the Fig. 9 . 
III. RESULTS AND DISCUSSION

A. Supportive Tools For Lecturer
Any tools that assist learner while learning the process and track the achievement could be labeled as a ePortfolio. The ePortfolio also used as storage system on any learning model that evidence-based as the results. even though the current developed supportive tool main feature is similar to evidence collection, the proposed supportive tool main feature is not only assisting a student to submit and publish their final project but also designated for lecturers to track the process when final project was conducted by many groups of students.
To use the supportive tools, lecturers only need to send an invitation through email to one of an appointed group member as their Project Manager (PM). In these experiments, we use the existing Google Mail Account to send the invitations and Flask-Mail module to sent email over SMTP.
After lecturers send the invitations, a PM should activate the link and start to add the group member. Other features that provide in lecturers dashboard are Post Information, View Progress Report, and Grading Page. The activity diagram of lecturers as a user shown on the Fig. 10 .
Lecturers also provide with invitation status of the PM. After PM accept the invitation, it will notify lecturer that PM account has been activated. Fig. 11 shown the PM account that has been activated or not. 
B. Progress Report
The key success of the PBL and LBE implementations are lecturer roles in monitoring the learning process. To address these need, the current development supportive tool provides Progress Report Form where students obligated to input it in every week. Fig. 12 shows progress report table that has been inputted by students. 
C. Log Report
Lecturers have been provided not only the information about progress report from each team but also the log information that can be accessed by lecturer only. By using the log, its hopes to help lecturers could analyze the learning process.
Form log itself, it stores the log with the value of URL Address that has been accessed, the timestamp of the accessed page and the IP address. To make these possible, it needs to insert a log table every each request which is different routes that have configured from .py files. As a result, a full activity from a user has been logged. Fig. 13 show an example log result. The log from user interaction will be useful for metaanalysis as part of post-production evaluation. The exploration of the log-based metric can complete and validate the usability evaluation conducted by interview or questionnaire [17] , [18] .
D. Project Publishing
As a result of Project Based Learning, students need to publish their final project in the public domain. This mean, the developed supportive tool need to provide an input form which enables students to input the project detail/description, the project repository. Fig. 14 showing the form to input project description. Also, as a result of Lab Based Education activities, the developed supportive tool need to provide an unloading mechanism for store final report, presentation and poster in digital formats. Fig. 15 shows the input form for uploading the digital documents. After students have been finished to uploads the document, the uploaded documents will be accessible to the public. Fig 16 shown the front page of the developed supportive tool.
E. Lecturer Grading
When students have been finished to publish their final reports, presentations and posters, it is time for lecturers to give an evaluations. Because of each groups consist of different students from different class, lecturers need to be provided with one single form entry to give a score to whole team member. Fig. 17 shown an example process evaluation for one of student groups. 
F. Supportive Tool Deployment 1) Self Hosted
The use of Microframework brings other advantages. The developed supportive tool application size is less than 20 MB. This made possible to deploy it at the mini device. The term mini device is a hand on carrying pc board that helps lecturers mobility to use the supportive tool in the different classroom.
In these experiments, the proposed supportive tool has been deployed at the APC board and connect it into the access point. Fig. 18 show the network topology and the supportive tool deployment to the APC Board. By default, the Werkzeug module used by Flask as request handler, it can only serve one request only. Because the Werkzeug is designed to only development model [19] . To hosted on the mini device or other machine and serve many requests, it needs to use uWSGI as request handler [20] . To start using uWSGI, it needs "wsgi.py" file that imports an "app". The wsgi.py should be as in Fig. 19 : With the above command, the proposed supportive tool can be accessed from "http://server_IP_address:5000".
2) Hosted on Machine Server
In this experiments, developed supportive tool will be deployed on a server with Ubuntu 14.04 as operating system and Nginx as the web server.
Even though it uses Nginx as the default web server, it needs to configure Nginx to pass a request to application socket using uwsgi protocol. The configuration starts with creating a ".ini" file in the project directory to activate the uWSGI. Example of ".ini" files is in the Fig. 21 . Next, it needs to create an upstart script to start the uWSGI. The upstart script will allow operating system init system to automatically start uWSGI and serve the Flask application whenever the server machine boots. The upstart script needs to save in ".conf" format at "/etc/init/projectname.conf". Example of the upstart file is in Fig. 22 . The final part of server machine configuration is to create server block and order Nginx to listen on the port 80 and use this block for incoming requests to our server's domain name or IP address.
The configuration is done by creating ".conf" and saved on "/etc/nginx/conf.d/projectname.conf". Example server block that needs to be configured on the Nginx web server shown at Fig. 23 . From the above configuration, the developed supportive tool can be accessed directly by both lecturer and students from his/her mobile device. Because it was installed on a mini device and some Access Point (AP), all user need to connect their device with the access point.
G. Usability Evaluation and Log Metrics
Usability Evaluation is described as the measurement to which a product can be easily used by targeted users with efficiency and satisfaction to achieve certain objectives. To explore user satisfaction, an interview and a certain 
During the experimental session, students were asked to finish several tasks as mentioned in Fig. 8 as the simulation of the use of the developed supportive tool with student level access. Lecturer as a participant also requested to finish several activities as mentioned in Fig. 10 as the simulation of the use of the developed supportive tool with lecturer level access. After finished the experiments, both lecturers and student are interviewed and asked to fill the questionnaire. Table II has shown the question that given to students.
The experiments had conducted within a laboratory where the participants use the supportive tool which installed in local machine server that available in the laboratory. To measure the effectiveness and difficulties, we analyzed the timestamp from the Log creation when participants were asked to accomplished the certain task as part of the experiments. The interface of the supportive tool is easy to use (yes/no/not sure) 5 The error message was given by system (yes/no/not sure) 6 The supportive tools enable me to interact with other groups asynchronously (yes/no/not sure) 7 I become productive using the supportive tool (yes/no/not sure) 8 Knowing some group ideas and mockups, I felt need to collaborate with the group to develop the application to more mature version (yes/no/not sure) 9 Other groups ideas and mockups in their final report help me find a topic for my undergraduate final project (yes/no/not sure) 10 I would like to continue using proposed supportive tool on next semester (yes/no/not sure)
As results, students mostly opted "Yes" in question 1,2,4 until 10. Fig. 24 shown the dominance of opted Yes in the student's questionnaire.
For question 3 from the student's questionnaire, 90% of students opted A, B, C which shown the benefit of the use supportive tool in order to support the submitting final project materials. Fig. 25 show the percentage of question 3 from the student questionnaire. 
No
Question 1 I always experience scoring students report with a paperbased assignment (yes/no/not sure) 2 I prefer to check students assignment in a paperless manner (yes/no/not sure) 3
The benefit using supportive tool check students final project material : A. I can check the final project materials at times convenient to me B. I could know the progress report while students finish their final projects C. Both A and B D. I failed to see the benefit of using supportive tool 4
The interface of the supportive tool is easy to use (yes/no/not sure) 5
The error message was given by the system (yes/no/not sure) 6 The supportive tools enable me to interact with students asynchronously (yes/no/not sure) 7 I become productive using the supportive tool (yes/no/not sure)
As the results of the lecturer's experiments, lecturers also mostly opted "Yes" in question 1,2,4 until 10. Fig. 26 shown the dominancies of opted "Yes" in the lecturer's questionnaire.
For question 3 at the lecturer's questionnaire, 90% lectures opted C which shown the benefit of the use supportive tool in order to check and see the progress report of the submitted final project materials. Fig. 27 shown the percentage of Question 3 from the lecturer's questionnare. Next experiments were analyzed the created log while participants asked to do several tasks as mentioned in Fig. 8 . Example log created as shown in Fig. 13 .
As a result, all students in averages needs only less than 4 minutes to accomplish each given task. Fig. 28 shown the average time spent while students perform interaction in with the supportive tools. For lecturers itself, lecturers on average needs less than 3 minutes to finish each given task. Average time spent that lecturers need to accomplish the given task are shown in Fig. 29 .
Remembering when there is no tutorial given before the experiments had conducted, all participants just needs a little time to accomplish the given task. It indicates that the developed supportive tool is easy to use and shows the effectiveness of the developed supportive tools. 
IV. CONCLUSIONS
This paper presents the current development web-based application used by lecturers as supportive tools for implement Project Based Learning and Lab Based Educations. Lecturers can monitor the learning process from progress report that has been inputted by students. Because each group is consist of different class groups, lecturers no need to input manually the score to each student. Lecturers only need the score for a whole group.
The developed supportive tool can be used by students as an online portfolio to show their project. Since all final project, presentation and poster are visible on the public domain, other students can also view other groups projects and download the uploaded documents. The developed supportive tool offer one-stop solution for lecturers that will implement Project Based Learning and Lab Based Education. Lecturers no need install blog engine for an announcement, Learning Management System to track students progress report and do grading, and ePortfolio to show students projects. All these features are provided at the developed supportive tool. From experiments results, the use of supportive tools has gain beneficial from both students dan lecturers. The use of supportive tools as an application for PBL and LBE implementations brought students and lecturers to build the submitted final project into better version while they found an interesting project that really solves real-world problems.
As a result of one academic semester experiment with 6 class groups, we obtain 32 particular groups with 32 particular web-based applications as their final project. This experiment's results can be useful repositories for next year academic students. The repository can be used not only as a reference but also for a hub among students to develop the final projects into production level applications.
